Abstract: A YSiAlON glass has been studied by mechanical spectroscopy, through the glass transition. The a-relaxation peak observed in the YSiAlON glass can be interpreted well by a formalism of hierarchically correlated molecular mobility through the glass transition. In particular this formalism accounts for the observation of unusually high apparent activation energy. The viscoelastic properties of the glass are compared to the mechanical behavior of a silicon nitride ceramic.
INTRODUCTION
Silicon nitride ceramics are generally processed by sintering using a liquid densification medium The resulting microstructure consists of needlelike and equiaxed grains imbedded in an intergranular glassy phase (generally SiAlON). As silicon nitride deforms by grain boundary sliding, the high temperature mechanical properties are strongly affected by the presence of this intergranular amorphous phase which softens and melts [I-31. An investigation of the behavior of a glass similar to the intergranular phase could provide information for the interpretation of the mechanical properties of silicon nitride ceramics, in particular of the mechanical spectroscopy results [4-71. In the present work, mechanical spectroscopy has been used to study the mechanical properties of a monolithic YSiAlON glass through the glass transition and the results have been analyzed following the Perez formalism [8] (molecular theory of the rheological behavior of amorphous materials through the glass transition, which permits one to successfully interpret many experimental results in oxide and polymeric glasses [9, 101).
EXPERIMENTAL TECHNIQUE
The YSiAlON samples used in this study have been prepared by Prof. S. Hampshire (Limerick, Eire) [ l 11. Their composition is: 10.99 at.% Y, 18.46 at.% Si, 8.35 at.% Al, 54.73 at.% 0, 7.47 at.% N. Samples of the size 30x4~1 mm3 were measured in a differential, forced, inverted, torsion pendulum [12] . In this apparatus, the sample is mounted in series with another one that acts as an elastic reference. Measurements were performed under vacuum (10-6 Torr), from room temperature to 1350 K and at frequencies between 10-3 and 10 Hz. The shear storage modulus G' and the shear loss modulus G" were measured either as a function of temperature at fixed frequencies, or as a function of frequency at fixed temperatures.
RESULTS AND ANALYSIS
The typical spectra (the storage G' and loss G" shear modulus as a function of temperature) in a YSiAlON glass are shown in Figure 1 . Above the glass transition (~1220 K, determined by dilatometry [13] ), a mechanical loss peak and a strong modulus decrease are observed. For a measurement frequency
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JOURNAL DE PHYSIQUE IV of 1 Hz, the peak is found at a temperature of 1300 K. Isothermal spectra Gf(w) and Gf'(w) of the same sample are shown in Figure 2 . The positions of the G1'(w) peak and of the modulus defect are shifted to higher frequencies when the temperature of the isothermal measurement is increased. The relaxation is therefore a thermally activated phenomenon. 
unrelaxed shear modulus. The measurement frequency
One can see the shift of the spectra to higher frequencies was 1 Hz, and the heating rate was 1 Wmin. for higher measurement temperatures.
In an Arrhenius plot, one can see that logarithm of the relaxation time is a linear function of the inverse temperature over a wide fre uenc range (Fig. 3) . The activation energy is 11 16 + 20 KJImol and the limt relaxation time is 2-10-36 s. &ese are in fact ap arent values. Effectively, the thermally activated relaxation phenomenon observed in glasses above the Jass transition is the main or a-relaxation, which is associated with the onset of longrange molecular movements. These movements are hierarchically correlated and this leads to unusually high a parent activation energies and unusually low ap arent limt relaxation times. These values can however %e related to the elementary molecular motion v8ues as it is done in the Perez et al. The correlation parameter can be obtained from the Cole-Cole representation of the isothermal spectra, i.e. the G1'(G') diagram. 
DISCUSSION
The above results show that the relaxation phenomenon observed at high temperature in the YSiAlON glass can be interpreted as the a-relaxation and that the degree of hierarchical correlation of the molecular movements is characterized by b = 0.48 as deduced from the Cole-Cole plot.
The calculated activation energy for the elementary motion (El = E, . b = 530 KJlmol) is similar to the activation energy determined by Rouxel from creep test on ~~i A l 0 f f glasses, 400-600 KJ/mol [16] .
As b does not depend upon the temperature, the relaxation time follows an Arrhenius law, whereas it is not the case for most of the amorphous materials. This indicates that the YSiAlON is a rather strong glass (i.e. no rapid degradation of the mechanical properties above the glass transition) The value found for b (0.48) is larger than those found in CaSiAlONs (= 0.34) [lo] . However this is not surprising as it is known that YSiAlON thermomechanical properties are higher than the CaSiAlON ones, i.e. the YSiAlON are stronger glasses than the CaSiAlON glasses. In Figure 5 , one can see that the expression of the complex shear modulus calculated in the frame of the Perez formalism permits to reproduce well the experimental mastercurves .
Finally, a comparison between the a-relaxation in the YSiAlON glass and the loss peak in a silicon nitride ceramic is made. In Table I , the characteristic parameters of the Si3N4 peak and of the YSiAlON a-relaxation peak are given. The apparent activation energy and the correlation parameter found for the relaxation peak in silicon nitride by Lakki [4, 171 are similar to the values found in this study for the YSiAlON glass a-relaxation. The difference of 70 a is certainly due to the composition difference. In fact, a slight change of composition can change the rdaxation time by more than a factor ten [lo] . These results, together with the previous Q 0. 001 observation by Lakki [4, 171 of the disappearance of the peak after recystallization of the glassy pockets, permits one to attribute 0.0001 the Si3N4 peak to the a-relaxation of these elementary activation energy El.
CONCLUSIONS
The a-relaxation of YSiAlON glass has been studied. The correlation parameter which describes the importance of hierarchical correlation upon the molecular mobility has been determined. The mastercurves can be simulated well by the Perez formalism. From the comparison between former results in Si3N4 ceramics containing YSiAlON intergranular pockets and films, the peak observed in this material can be attributed to the a-relaxation in the amorphous pockets. The unusually high activation energy of the peak is due to the hierarchical correlation of the molecular movements in the amorphous intergranular phase.
